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Kinetics of Bromodeoxyuridine 
Uptake by Smooth Muscle Cells 
after Arterial Injury 


Keywords 

Vascular smooth muscle 
Bromodeoxyuridine 
Cell cycle kinetics 
Arterial injury 


Abstract 

The time course of S-bromo^'-deoxyuridine (BrdU) uptake by medial and 
neointimal smooth muscle cells was examined in rat carotid arteries at periods 
of 1-20 days after balloon catheter injury. DNA-incorporated BrdU was 
determined by the indirect immunoperoxidase technique in both plastic- and 
paraffin-embedded specimens. The BrdU labeling index (LI) peaked at 48 h in 
the media (19.9% paraffin, 9.4% plastic) and at 5 days in the neointima 
(55.4% paraffin, 60.2% plastic). Immunohistochemistry for the endogenous 
marker proliferating cell nuclear antigen was variable and generally less reli¬ 
able than BrdU. Using total viable medial smooth muscle cell number as an 
index of medial injury, the LI for BrdU was directly proportional to the extent 
of injury at 48 h, and correlated with loss of actin immunoreactivity. BrdU 
immunohistochemistry is a reliable alternative to [ 3 H]-thymidine autoradiog¬ 
raphy for short-term labeling in this model. Proliferation of smooth muscle 
cells in this model is likely related to the degree of injury to the media. 


Introduction 

Smooth muscle cell (SMC) proliferation has been im¬ 
plicated in atherogenesis [1] and is a common sequel to 
arterial trauma such as graft placement, carotid endarter¬ 
ectomy and balloon catheter angioplasty [2], Mechanisms 
related to hyperplasia of vascular SMC remain poorly 
understood; studies of SMC growth kinetics have proven 
valuable in the characterization of this phenomenon. 

Incorporation of radiolabeled thymidine ([ 3 H]-thymi- 
dine) is a widely employed technique for, labeling cells in 
the synthetic (S) phase of the cell cycle, and has been used 
in vivo [3-11] and in vitro [12]. Halogenated pyrimidines 


such as bromodeoxyuridine (BrdU) are incorporated into 
dividing cells at the time of DNA doubling via the salvage 
pathway [13]. Monoclonal antibodies which discriminate 
between halogenated pyrimidines and thymidine [14, 15] 
offer a rapid, cost-effective alternative for the study of 
cytokinetics [16]. Like [ 3 H]-thymidine, BrdU can be used 
in vivo [16-19] and in vitro [20]. The sensitivity [14, 21- 
23] and specificity [22] of BrdU immunodetection for 
labeling S-phase cells are comparable to [ 3 H]-thymidine 
autoradiography. 

Immunohistochemical detection of endogenous cell 
cycle-specific proteins has also been employed to evaluate 
cell proliferation. These markers include DNA poly- 
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merase-a, Ki-67 and the proliferating cell nuclear antigen 
(PCNA). SMC division and migration have been well 
characterized using, [ 3 H]-thymidine in the rat carotid 
artery [5-10] and PCNA expression has been examined in 
excised rat aortae [24]. However, evaluation of BrdU 
uptake and PCNA expression in the perfusion-fixed rat 
carotid artery after balloon injury have not been previous¬ 
ly reported. We examined the time course of BrdU incor¬ 
poration and PCNA expression in the rat carotid artery 
injury model, compared the BrdU labeling to the degree 
of vessel wall injury and evaluated the antigenicity of 
a-actin in tissue processed for BrdU immunohistochem- 
istry. 


Materials and Methods 

Surgery 

All animal surgery was performed using guidelines established by 
the Seattle Veterans Affairs Medical Center and University of Wash¬ 
ington Animal Care Committees. Forty male Sprague-Dawley rats 
weighing 400-425 g were given atropine (0.25 mg/kg).and anesthe¬ 
tized with intraperitoneal ketamine (75 mg/kg) and xylazine (5 mg/ 
kg). Using sterile microsurgical technique, both common carotid 
arteries were exposed through a midline cervical incision. On both 
sides, a 2-Fr Fogarty catheter (American V. Mueller/Chicago, Ill., 
USA) was inserted via the external carotid artery, advanced to the 
proximal common carotid artery, inflated with 0,2 cm 3 of air and 
withdrawn 4 times [5]. Survival times after surgery were 1 (n = 6), 2 
(n = 8), 3 (n = 5), 5 (n = 9), 10 (n = 5) and 20 (n = 4) days. An addition¬ 
al group of 3 animals served as uninjured controls. Rats were given 
5-bromo-2 / -deoxyuridine (Sigma, 150 mg/kg, dissolved in sterile sa¬ 
line) by intraperitoneal injection at 18,12 and 6 h prior to perfusion. 
Fifteen minutes prior to perfusion, rats were anesthetized with pen¬ 
tobarbital (65 mg/kg) and given Evans blue (1.25 mg/kg) via intracar¬ 
diac injection to verify the extent of arterial injury. 

Perfusion-Fixation 

Vessels were perfused at mean arterial pressure through a left 
ventricular cannula with 200 cm 3 warm heparinized (1 U/cm 3 ) lac- 
tated Ringer’s saline followed by 200 cm 3 warm 4% paraformalde¬ 
hyde in phosphate-buffered saline (PBS, pH 7.4). Both carotid arter¬ 
ies were immediately harvested and the Evans blue-stained segment 
of each vessel was equally divided for embedding in paraffin or plas¬ 
tic (below). A segment of small bowel was removed as a positive con¬ 
trol. The tissue was immersion fixed in paraformaldehyde for 4 h, 
transferred to PBS and stored at 4° C.Vessel segments were digested 
en bloc in 1 N HC1 for 30 min and embedded in either paraffin or 
glycol methacrylate (Energy Beam Sci., Agawam, Mass., USA). Par¬ 
affin cross-sections were cut at a thickness of 8 pm and plastic sec¬ 
tions were cut at a thickness of 4 pm. 

Immunohistochemistry 

Paraffin sections were dewaxed, hydrated in graded ethanols 
and incubated with, 0.3% hydrogen peroxide and 0.1% sodium 
azide to quench endogenous peroxidase activity. Sections were incu¬ 
bated with protease (Sigma Type XXVII, 7.8 U/ml) for 10 min and 


nonspeci fic bac kground was blocked with 3% normal horse serum 
for 20 min. Slides were incubated with monoclonal anti-BrdU (Bec- 
ton Dickinson, San Jose, Calif., USA) diluted 1:100 in PBS 1.0% 
BSA-3.0% normal serum for 2 h in a humidified chamber. Follow¬ 
ing incubation with biotinylated secondary antibody (Vector, Bur¬ 
lingame, Calif., USA, 1:200) and streptavidan-conjugated horserad¬ 
ish peroxidase (Jackson, Westgrove, Pa., USA, 1:5,000), slides were 
immersed in semidarkness in a solution of 0.025% 3,3'-diamino- 
benzidine tetrahydrochloride (DAB) and 1.25 pl/ml of 3% hydrogen 
peroxide, then counterstained with nuclear fast red. Control slides 
of small bowel tissue and artery sections not exposed to primary 
antibody were run in parallel. Plastic sections were reacted at 37°C, 
with the anti-BrdU antibody diluted 1:50. The intensity of the stain 
was enhanced by poststaining incubation in 0.005% osmium tetrox- 
idefor2h. 

PCNA staining was carried out on perfused tissue immersion 
fixed for 30 min and embedded in paraffin. Sections were air-dried 
overnight, blocked (as above), and reacted with clone PC 10 (Dako, 
Carpinteria, Calif., USA) diluted 1:200 using the immunoperoxidase 
method. The tissue was counterstained with methyl green. 

Actin staining was carried out on acid-denatured tissue by incu¬ 
bation with HHF35 specific for the a and y isoforms (Dako) diluted 
1:500 (plastic) or 1:1,000 (paraffin) in Tris-buffered saline containing 
1.0% BSA and 3.0% normal goat serum. Sections were subsequently 
incubated with 5-nm-gold-conjugated goat antimouse antibody (Am- 
ersham, Arlington Heights, Ill., USA) diluted 1:50. Specimens were 
silver intensified by immersion in a solution of 0.025 % silver nitrate 
and 0.05% hydroquinone in 0.2 M citrate buffer. 

Analysis 

For both paraffin and plastic sections, five or more vessel cross- 
sections separated by at least 40 gm were examined using a reticle 
and light microscopy at 40 x magnification. Sections with apparent 
tissue loss during processing were excluded from analysis. The vessel 
wall was subdivided into two components; media (abluminal to the 
internal elastic lamina, IEL) and neointima (adluminal to the IEL). 
At early time points (control, 1-5 days), at least 1,000 total cells (pri¬ 
marily media) were counted and scored for each vessel. At the 10- 
and 20-day time points, a minimum of 1,000 cells as counted and 
scored for each compartment (media, neointima) of each vessel. For 
both immunoreactive BrdU and PCNA, nuclei containing the char¬ 
acteristic brown-black DAB deposits were scored as positive. 

The labelling index (LI) for BrdU was expressed as the ratio of 
[chromogen-positive nuclei to total nuclei] x 100. For each time 
point, the LI for the media and neointima was expressed as mean ± 
SD. Comparisons of Ll between plastic and paraffin-embedded tis¬ 
sue were performed using the Student’s t test and a value of p < 0.05 , 
was considered statistically significant. Relationship between cell 
number and BrdU labelling index for the media and neointima were 
determined using Spearman’s rank correlation coefficient. 


Results 

Histology 

Carotid artery cross sections after balloon injury 
showed a typical time course of SMG migration and pro¬ 
liferation as previously described [5-10, 25]. Within 48 h 
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Fig. 1. Photomicrographs of rat carotid 
arteries stained for immunoreactive BrdU at 
various times after balloon catheter injury: 
(A) 48 h; (B) 72 h; (C) 5 days, and (D) 10 
days. Bar = 10 pm. 




of injury, there was evidence of complete endothelial des¬ 
quamation with partial disruption of the internal elastic 
lamina (IEL) and variable degrees of medial damage 
(fig. 1). At 3 and 5 days after injury, occasional cells were 
noted adluminal to the IEL (fig. 1); neointimal cell num¬ 
ber and area increased markedly at 10 and 20 days after 
injury (fig. 1). 

BrdU and Actin Immunohistochemistry 

Systemic distribution of BrdU was confirmed by in¬ 
tense staining of the intestinal epithelial crypt cells in all 
animals receiving the agent (fig. 2). The immunoperoxi- 
dase method produced high resolution of positive cells 
with minimal background staining and labeled nuclei 
were readily distinguishable even at low magnifications. 
Antigen in tissues embedded in paraffin and plastic 
appeared equally immunoreactive. Distribution of the 
nuclear chromogen was uniform in paraffin-embedded, 
sections and granular in sections embedded in plastic 
(fig. 2). Determination of Ll was easier in plastic sections 
compared to paraffin sections due to superior preserva¬ 
tion of morphology in plastic at all time points. 

Serial sectioning and staining for immunoreactive a- 
actin identified BrdU-labeled cells in the media and 
neointima as probable smooth muscle cells (fig. 3). Actin 
immunoreactivity persisted in tissue hydrolyzed with 
HC1. 



Fig. 2. Photomicrographs of immunoreactive BrdU in small bow¬ 
el intestinal crypt cells: (A) paraffin; (B) plastic. The chromogen is 
localized to crypt cell nuclei in a granular (plastic) or smooth (paraf¬ 
fin) pattern. Bar = 10 pm. 


PCNA Immunohistochemistry 

PC 10 staining produced highly variable results with 
small changes in the postfixation time; optimal fixation 
times for perfused vascular and intestinal tissues did not 
correspond. To assess the effect of perfusion fixation by 
postfixation on PCNA labelling, we excised gut from a rat 
perfusion fixed with 4% paraformaldehyde. Pieces of gut 
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Fig. 3. Photomicrographs of serial carot¬ 
id artery sections reacted for BrdU (A, C, E) 
or a-actin (B, D, F) at 48 h (A, B), 10 days (C, 
D) and 20 days (E, F) after balloon injury. 
Note the absence of a-actin immunoreactivi- 
ty in the inner layers of the media at 48 h 
(arrow). Bar = 20 pm. 



Fig. 4. Photomicrographs of serial carot¬ 
id artery sections demonstrating immunore- 
active BrdU (A) and PC 10 (B) at 20 days fol¬ 
lowing balloon injury. Cells in deep neointi- 
mal layers stain positive for PC 10 (arrow) 
but not BrdU. Bar =10 pm. , 


a 




were postfixed for time periods ranging from 30 min to 
6 h. Optimal staining of crypt cells was seen at 30 min. 
With increased fixation time, specific staining decreased 
and nonspecific background staining (noncrypt cells and 
structures) increased. Of interest, leukocytes within the 
gut stained well at all fixation times, suggesting perhaps 


differential PCNA stability or populations in different cell 
types. Consequently, ‘positive control’ tissue could not be 
used to verify the sensitivity and specificity of immuno- 
staining. Methyl green counterstaining did not appear to 
affect the LI determination for PCNA, as unstained sec¬ 
tions demonstrated qualitative equivalent PCNA label- 
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Table 1 . BrdU labelling index in rat 
carotid artery after balloon catheter injury 


Time 

Paraffin A ' • 

Plastic 



n 

media 

neointima 

n i. 

media 

neointima 

Control 

6 

0.03 ±0.03 


6 

0.07+0.05 

__ 

24 h 

12 

0.06 ±0.07 

- 

10 

0.25+0.20* 

- 

48 h . 

11 

19.93± 11.63 

- 

14 

9.42 ±6.30* 

- 

72 h 

6 

15.48 ±8.30 

■ - 

10 

8.00±6.35 

47.12±32.74 

5 days 

18 

6.27 ±4.81 

55.49 ±23.14; 

18 

6.19 ±7.06 

60.21 ±29.06 

10 days 

10 

1.50± 1.54 

47.86± 14.12 

9 

1.40 ±0.96 

28.86 ±16.23 

20 days 

5. 

0.97 ±1.58 

2.87 ±1.46 

5 

0.27 ±0.22 

2 98 ±1.16 

*p<0.05. 


ling to stained sections. There existed a wide range of 
staining intensity and chromogen distribution within la¬ 
beled nuclei. The LI for PC 10 generally exceeded the LI 
for BrdU as expected. If all labeled nuclei were scored pos¬ 
itive, high growth fractions (~ 50%) were noted in neoin- 
timas as late as 20 days after injury (fig. 4). 

Time Course of BrdU Labeling in SMC . 

Control vessels exhibited a negligible LI consistent 
with the low rate of DNA synthesis in uninjured arteries 
(table 1). Figure 5 shows the time course of BrdU labeling 
following balloon catheter injury in the media and neoin- 
tima of paraffin- and plastic-embedded vessels. For both 
embedding matrices, the LI for BrdU in the media peaked 
at 48 h and was negligible beyond 5 days. Paraffin-embed¬ 
ded tissues demonstrated generally higher labeling indices 
compared to plastic-embedded tissues, and these differ¬ 
ences were significant at three time points (p < 0.05). 
Neointimal cells adluminal to the IEL were first observed 
at 3 days and the mean LI for the neointima in both paraf¬ 
fin and plastic was greatest at 5 days. The number of 
neointimal cells per section increased progressively at 10 
and 20 days after arterial injury. At late time points, BrdU 
labeling was generally limited to the luminal aspect of the 
neointima (fig. 4A). 

Variability and Vessel Wall Injury 

For a number of time points, there was considerable 
variability in the LI for BrdU. At 48 h, there was a direct 
relationship between the LI and the degree of medial inju¬ 
ry as determined by the number of viable SMC per section 
(fig. 6A). In vessels with a high LI, regions of the inner¬ 
most medial layer were devoid of cells and actin staining 
was greatly diminished (fig. 3). In contrast, vessels with a 



Time Following Balloon Injury 


Fig. 5. Mean BrdU labeling index in the media and neointima at 
various times following balloon catheter injury to the rat carotid 
artery. * p < 0.05 paraffin vs. plastic. 


comparatively low LI had total SMC counts and actin- 
staining density comparable to control vessels. 

At later time points, the percentage of cells staining for 
BrdU was considerably greater in neointimas with few 
cells compared to neointimas with high cell number. At 
10 days the LI for the neointima correlated inversely with 
the mean total neointimal SMC number (fig. 6B). In 
essence, the number of BrdU-labeled cells along the lumi-. 
nal aspect of the artery was relatively consistent among 
vessels at 10 and 20 days: variations in the BrdU labellling 
index among animals were primarily due to variability in 
the number of cells present in the neointima. 
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Fig. 6. Mean cross-sectional smooth, muscle cell number and BrdU labeling index for individual rat carotid arter¬ 
ies embedded in paraffin (□): (A) media at 48 h after injury (r= 0.81); .(B) neointima at 10 days after injury (r = 
0.60). 


Discussion influenced PCNA immunoreactivity. Although PCNA 

has been employed to determine proliferative index in 
Endogenous Proliferation Markers vascular tissue [24, 38], these data should be interpreted 

Antibodies have been developed against endogenous in light of potential variability for this technique, 
proliferation antigens such as PCNA, Ki67 and DNA 

polymerase-a. These markers are expressed in. multiple Assessment of Growth Fraction by BrdU 

phases of the cell cycle and presumably are present at the .. Immunohistochemistry 

onset of proliferation prior to [ 3 H]-thymidine incorpora- Although tritiated thymidine ([ 3 H]-thymidine) has 
tion. The existence of these antigens obviates the need for proven an invaluable tool in the study of cytokinetics, use 
administration of exogenous compounds and growth frac- of radiolabeled precursors is accompanied by contain- 

tions obtained with these markers generally correlate well ment problems. Autoradiography and grain counting are 
with other indices of cellular proliferation [26, 2.7]. laborious and time-consuming and the technique yields 

In animal models of arterial injury* PCNA immune- an unavoidable amount of background. Furthermore, 
histochemistry labels a greater proportion of proliferating [ 3 H]-thymidine may be radiotoxic to proliferating cells at 

SMC than either [ 3 H]~thymidine or BrdU [11, 24]. How- certain doses [39]. 

ever, PCNA has a half life of approximately 20 h and a Both [ 3 H]-thymidine and.BrdU are incorporated into 
nonspecific nucleoplasmic form of the antigen persists in DNA by the salvage pathway [13]. The LI for BrdU corre- 

aldehyde-fixed tissue [28] leading to potential overesti- lates well with growth fractions derived from [ 3 H]-thymi- 

mates of the growth fraction. In addition, immunodetec- dine using a variety of cell and tissue preparations and 

tion of endogenous proteins is limited to those species protocols [14, 40-43]. Immunoreactive BrdU can be de- 

exhibiting cross-reactivity and proliferation antigens tend tected in tissues exposed to cross-linking fixatives [17] 

to be labile and have fastidious fixation requirements. A and antigenicity can be demonstrated in frozen specimens 

number of factors have been shown to influence PCNA [44], plastic [44] and paraffin-embedded [17] tissues. The 

immunoreactivity, including fixation time [29-32], fixa- BrdU labeling method has been used previously to study 

tive composition [33, 34] and the source of antibody [33]. vascular SMC proliferation in vivo [18, 19] and in vitro 

In addition, immunoreactive PCNA may be absent in cer- [45]. 

tain proliferating neoplastic cells [35] and present in nor- In this study, BrdU administered by serial injection 
mal, nonproliferating tissues [36, 37]. In the current over 18 h produced good systemic distribution as evi- 
experiment, both fixation time and section thickness denced by strong immunoreactivity in proliferating intes- 
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tinal crypt cells. Based upon estimates of SMC kinetics 
[12,25], it seems likely that the majority of S-phase SMC 
were labeled during the exposure period. Although other 
investigators have coadministered BrdU and deoxycyti- 
dine in vivo [ 18,19], we documented good BrdU incorpo¬ 
ration and staining without deoxycytidine supplementa¬ 
tion and noted no overt evidence of BrdU toxicity. Intes¬ 
tinal staining was appropriate with an absence of any 
clearly necrotic or polyploid cells and Lis in vascular tis¬ 
sue approximated values reported in [ 3 H]-thymidine 
studies. 

BrdU Labeling Patterns in the Rat Carotid Artery 

Balloon Injury Model 

The time course and magnitude of the BrdU incorpo¬ 
ration in this model corresponded to that observed by oth¬ 
ers using [ 3 H]-thymidine [5-10, 25]. Other investigators 
have reported maximal [ 3 H]-thymidine growth fractions 
in the media of ballooned vessels at approximately 35 
[25], 48 [6] and 96 h [8], and maximal medial values have 
ranged from approximately 25% at 35 h [25] to 43.5% at 4 
days [8]. In the current experiment, there was a tendency 
for persistent high labeling rates at the luminal surface 
throughout the 20-day study period in agreement with 
autoradiographic cross-sectional [6,10, 46] and Hautchen 
[6, 10] preparations. This pattern was most evident at 20 
days when virtually all of the BrdU labeled cells were 
located at the luminal surface of the neointima. This 
observation suggests that persistent SMC proliferation in 
this model may be mediated by permeable serum factors. 

BrdU Methodology 

There was a significant variation in the LI for BrdU 
between plastic- and paraffin-embedded tissues, especial¬ 
ly in the neointima. Virtually all intestinal crypt cells con¬ 
tained immunoreactive BrdU in our plastic embedded 
tissues corresponding to similar observations by others 
[47]. It therefore seems unlikely that BrdU antigenicity is 
altered by the embedding polymer. Antibodies may react 
only with antigens on the surface of plastic sections [48] 
and thinner sections might therefore exhibit higher LI. 
While we cannot exclude the possibility that methacrylate 
alters BrdU antigenicity, the favorable qualities of mor¬ 
phologic preservation and clarity of label make the plastic 
embedding method preferable except in conditions with 
low labeling indices (e.g. hypertension). 

Actin 

Most monoclonal antibodies to BrdU recognize BrdU 
only in single-stranded DNA, requiring harsh treatment 


of the ti ssue . JHowever, other membranous, and cytoplas¬ 
mic epitopes retain antigenicity despite denaturation and- 
proteolysis [47, 49]. In this experiment, acid hydrolysis 
(plastic) and acid hydrolysis plus protease digestion (par¬ 
affin) did not compromise a-actin immunoreactivity and 
localization of the antigen was comparable to the pattern 
seen in nondenatured control tissue. BrdU-labeled SMC 
in the media stained for a-actin at early time points, 
whereas BrdU-labeled neointimal cells generally stained 
poorly or not at all. Actin antigenicity in the neointima 
was diminished at 10 days after injury for both BrdU- 
labeled and unlabeled cells and was independent of pro¬ 
cessing technique. In contrast, medial cells remained 
highly reactive for a-actin at this time point. Neointimal 
a-actin immunoreactivity returned at 20 days with a well- 
defined pattern in deep neointimal layers and a diffuse 
pattern at the luminal surface. This reversible phenotype 
alteration and time course are in agreement with the find¬ 
ings of injury-induced smooth muscle de-differentiation 
reported by others [50] in which SMC express alterante 
isoforms of actin during synthetic (P and y isoforms) and 
contractile (a isoform) phases. 

Variability and Extent of Arterial Injury 

Determinations of mean LI for BrdU observed in this 
experiment were consistent with prior observations [5- 
10, 25]. However, we noted considerable variability 
among individual vessels most likely related to differ¬ 
ences in the extent of injury to the vessel wall. Cross- 
sectional and longitudinal variability in SMC hyperplasia 
has been observed previously [46]. Although others [51] 
have noted no relationship between the severity of injury 
and SMC hyperplasia, several investigators have attribut¬ 
ed inconsistency of hyperplasia to small variations in the 
standard balloon technique [52, 53]. In our study, vari¬ 
ability of the LI for BrdU at 48 h appeared to be a func¬ 
tion of the magnitude of injury manifest by differences in 
SMC necrosis and loss of a-actin. 

Variability of the migratory response was also evident 
in this study and has been noted previously [8]. While vir¬ 
tually all vessels had a hypercellular innermost media at 5 
days, not all vessels exhibited neointimal cells at this time. 
Neointimal formation is dependent upon migration of 
both dividing and nondividing SMC [7] and it is therefore 
conceivable that injury-induced alterations of migration 
also contribute to variable neointimal cell numbers and 
LI. There is a threshold of intimal damage required for the 
initiation of SMC hyperplasia [5 4] and the magnitude and 
duration of endothelial injury have a major impact upon 
subsequent SMC proliferation [52]. Our findings confirm 
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other reports supporting a key role for medial damage in 
neointimal formation [55, 56] and clinical complications 
secondary to arterial injury [57]. An alternate explanation 
for the variability of the vascular response may be the 
presence of SMC heterogeneity [7, 9, 12, 50, 58] and the 
inadvertant preservation or deletion of specific popula¬ 
tions as a result of balloon injury. BrdU labeling appears 
to correlate best with indices of medial vascular damage 
evident at 48 h after injury. 


sues, a lthou gh histologic preservation was superior in 
plastic embedded specimens. Variability of medial and 
neointimal LI for BrdU between vessels at single time 
points following injury appears to be related to the severi¬ 
ty of the inury. BrdU incorporation was inversely related 
to actin expression in the neointima. In our application, 
immunodetection of BrdU appears to be preferable to 
PCNA for the assessment of SMC proliferation. 


Conclusions 

The time course and magnitude of BrdU uptake in the 
balloon catheter-injured rat carotid approximate the pat¬ 
terns reported in studies utilizing [ 3 H]-thymidine. BrdU 
can be detected in both paraffin and plastic embedded tis- 
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